Abstract Metastatic dissemination to the oral cavity is rare and is usually the evidence of a wide spread disease with an average survival rate of 7 months. In almost a quarter of the cases, oral metastasis was found to be the first indication of an occult malignancy at a distant site. Metastatic lesions can be found anywhere in the oral cavity, however, the jawbones with the molar area is the most frequently involved site. In the oral soft tissues, the gingiva is the most common site, suggesting the possible role of inflammation in the attraction of metastatic deposits. The most common primary malignancies presenting oral metastases were the lung, kidney, liver, and prostate for men, and breast, female genital organs, kidney, and colorectum for women. Most patients with jawbone metastasis complain of swelling, pain, and paresthesia. An exophytic lesion is the most common clinical presentation of metastatic lesions in the oral soft tissues. Early lesions, mainly those located in the gingiva, may resemble a hyperplastic or reactive lesion. Once a lesion is recognized as metastasis, the primary tumor site should be identified following clinical, radiological and histopathological investigations. If standardized diagnostic workup fails to detect the site of origin, then the term carcinoma of unknown primary is applied. Personalized medicine tools such as tissue-oforigin assays should be applied, either by immunohistochemical testing or by molecular-profiling methods as these may lead to a more favorable outcome.
Introduction
Cancer is a complex disease characterized by various biological properties that develop through multistep processes [1, 2] . These properties include sustaining proliferative signaling, evading growth suppressors, resisting cell death, enabling replicative immortality, inducing angiogenesis, and activating invasion and metastasis, in addition to reprogramming of energy metabolism and evading immune destruction [3] . It is, however, the process of metastasis that results in morbidity and eventual mortality in most patients.
The jaws and mouth are uncommon sites for metastatic dissemination with only about 1 % of oral malignancies attributed to metastases [4] . Nevertheless, the incidence of metastatic tumors to the jaws is probably higher than suggested; micrometastatic foci in the jaws were found in 16 % of autopsied carcinoma cases despite the absence of radiologic findings [5] . Because of its rarity and the importance of early detection, the diagnosis is challenging and should be considered in the differential diagnosis of benign common oral inflammatory and reactive lesions [6] [7] [8] [9] [10] .
The aim of this review is to shortlist several key events in the process of cancer metastasis with special emphasis on jaws and mouth.
The Invasion-Metastasis Cascade
A successful metastatic colony is the result of a process known as the 'invasion-metastasis cascade', which involves sequential steps including invasion through the surrounding extracellular matrix (ECM), intravasation into blood vessels, and survival in the circulation (Fig. 1) . Circulating tumor cells (CTC) settle in the microvasculature of the target organ and extravasate through the vessel wall. Infiltrated cells may proceed towards overt metastasis with or without an intervening period of latency (dormancy). Cancer cells reinitiate their proliferative programs at the target sites, thereby generating macroscopic, clinically detectable neoplastic growths referred to as 'metastatic colonization' [1] [2] [3] . Metastasis is a highly inefficient process, in which only a small minority out of thousands of cells released into the circulation each day eventually succeeds in constituting an overt colony at a distant organ [11] [12] [13] [14] .
The metastatic behavior of malignant cells is regulated by a repertoire of signaling pathways. Mainly those involving oral dissemination will be discussed.
Invasion and dissemination are basic features of cancer cells, achieved mainly by 'epithelial-to-mesenchymal transition' (EMT), where cancer cells acquire a mesenchymal phenotype [15] [16] [17] [18] [19] , and by inducing the formation of new blood vessels (angiogenesis) [20, 21] . Tumor cells invade the underlying ECM using active proteolysis mediated mainly by matrix metalloproteinases (MMPs) to establish a colony. Further tumor growth is angiogenesis dependent and is the result of homeostatic balance between proangiogenic and antiangiogenic [i.e. vascular endothelial growth factor-(VEGF), and thrombospondin respectively], inflammatory, and coagulation factors [20, 21] . Hypoxia is the major stimulus for angiogenesis which leads to the upregulation of hypoxia-induced transcription factors (HIF), which are the master regulators of proangiogenic signals, mainly the VEGFs [22, 23] . The new blood vessels are largely immature with weak endothelial-cell junctions, allowing tumor cells to intravasate easily into the vasculature [24] .
In the circulation, CTC can be passively entrapped in the capillary network of the nearest organ, mainly the lung, which is a highly perfused organ, or as a regulated, sitespecific process [25] . CTC actively adhere to the endothelial cells at a specific site, extravasate and adapt to the new microenvironment to establish a metastatic colony. This non-random process was first described by Paget in his 'seed and soil' hypothesis; the metastatic 'seed' grows preferentially in an organ environment that, in some way, provides a suitable 'soil' [26] . It is currently accepted that a successful metastasis requires ''pre-metastatic niche'' to allow invading cancer cells to survive, colonize, and expand to form a macrometastasis [11, 27] .
Chronic inflammation has been linked to numerous steps in the metastatic cascade [28] . The inflammatory microenvironment at the distant site has shown to serve as a favorable pre-metastatic niche for tumor cells to engraft Fig. 1 The metastatic cascade. A successful metastatic colonization represents the end products of a complex sequential events including a invasion through the extracellular matrix (ECM); b proliferation and angiogenesis; c intravasation into the blood vessels; d survival in the circulation. e Circulating cancer cells that survive preferentially adhere to the endothelium in the microvasculature of the target organ and f extravasate through the vessel wall; g tumor cells settle at the target organ, which consists of a permissive microenvironment and proliferate [29] [30] [31] . Surrounding cells including tumor associated macrophages, infiltrating lymphocytes and cancer associated fibroblasts release a variety of inflammatory mediators such as TNF-a, IL-6, TGF-b, and IL-10 that promote tumor cell proliferation and dissemination [32, 33] . In addition, inflammatory chemokines play a major role in regulating angiogenesis, recruitment of myeloid-derived cells, and facilitating tumor cell extravasation [34] .
An increased tendency for malignant transformation in several oral immuno-inflammatory processes (such as oral submucous fibrosis, and although controversial, in some cases of oral lichen planus) can suggest the possible association with chronic inflammatory condition [35] . Some evidence also exists for an association between oral squamous cell carcinoma and the presence of dento-gingival bacterial plaques and chronic periodontitis [36] . However, a direct cause and effect relationship between chronic periodontitis and cancer has not been shown and the role of inflammation as the single cause for cancerous transformation in such cases has not been proven yet [35] . As chronic inflammatory processes in the oral cavity are very common relative to the low incidence of oral cancers, it can be assumed that inflammatory processes on their own only rarely induce cancer development. The contribution of inflammation in the gingiva as a contributing factor in oral metastasis is discussed later.
Many of the metastatic events are clinically silent, appearing years after the establishment of the primary tumor, alluding to metastatic dormancy [37] . The exact mechanism for tumor dormancy and the trigger for reactivation (tumor awakening) is mostly unknown and is proposed to be the result of disruption of the balance between proliferation and cell death [37] .
Metastasis to Bone
Bone is a preferred site of metastasis of numerous types of solid neoplasms mainly the breast, prostate, thyroid gland, kidney, and lungs [37, 38] . However, in most cases, boneonly metastasis is infrequent [39] .
Bone metastases involve a complex interaction between metastatic tumor cells (MTC) and bone microenvironment which plays a crucial role in homing and growth of tumor cells, and increased expression of growth factors required for tumor survival [40] .
In a way similar to the physiological nursing of hematopoietic stem cells, bone marrow stromal cells provide a niche for MTC through various interactions mediated by integrins, chemokines, bone morphogenetic proteins (BMPs), Notch signaling, nestin, and osteopontin [41] . Tumor cells find bone microenvironment favorable for invasion and growth, and recruit resident cells mainly osteoclasts and osteoblasts, to promote the 'vicious cycle' of bone metastases (Fig. 2 ). Receptor activator of nuclear factor-kappa B ligand (RANKL) is essential for the formation, activation, and function of osteoclasts. RANKL functions via its cognate receptor RANK, and it is inhibited by the soluble decoy receptor osteoprotegerin (OPG) [42] (Fig. 2) . In skeletal metastases, the ratio of RANKL to OPG is upregulated, which leads to increased osteoclastmediated bone destruction. Some cancer cells acquire bone cell-like phenotype (osteomimicry) expressing various proteins (BMPs and PTHrP) and transcription factors (Runx2, MSX2) to act directly on bone remodeling [43] . To ensure further growth and progression, MTC not only act on osteoblasts and osteoclasts but modulate the function of other bone marrow residential cells such as platelets, myeloid cells, immune cells, and nerve cells. The balance between bone formation and destruction determines the form of the metastatic lesion whether osteolytic or osteoblastic; in most cases, bone metastases have both osteolytic and osteoblastic elements. Osteoblastic lesions are more typical of prostate cancer, characterized by new bone formation, which is mostly immature woven type of poor quality [44] .
Considering the prognosis of bone metastases, the main goal of therapy is to retard the metastatic progression by impeding the ability of tumor cell invasion and proliferation in the bone microenvironment [45, 46] . Understanding the key pathways regulating homing, colonization and proliferation of MTC in the bone is relevant for the recently development of targeted therapies targeted mainly against OPG/RANK/RANKL pathway, PTHrP, chemokines, and chemokines receptors. The most investigated classes of bone-targeted agents that have an inhibitory effect on osteolysis are the bisphosphonates and the monoclonal antibody against RANKL, denosumab [42] . Even in osteoblastic bone metastases from prostate cancer, there is an increased bone resorption phase providing the rationale for treatment with osteoclast-targeted agents [47, 48] .
Many of the factors and signaling pathways involved in the progression and development of bone metastasis may be useful as biomarkers for early detection and monitoring the metastatic disease [40, 49] . Deregulated bone metabolism is associated with the release of biochemical markers amenable to noninvasive measurement in blood or urine. Examples are the amino [N]-and carboxy [C]-terminal cross-linked telopeptides of type I collagen, or NTX and CTX, which reflect osteolysis and the bone-specific alkaline phosphatase (BSAP) levels in serum reflecting the rates of osteogenesis [50] . The levels of NTX, CTX, BSAP and CTCs were found to decrease significantly following bisphosphonates treatment while pathologic levels of NTX and BSAP were significantly associated with mortality [51] . Almost half of the patients with skeletal metastases develop complications collectively termed skeletal-related events (SRE). These include bone pain, hypercalcemia, fracture, and spinal cord compression. SRE cause significant morbidity, reduced performance status, quality of life (QOL) and reduced survival. A reduction in the occurrence of individual SREs with significant decreases in pathological fractures and surgery for bone pain has recently been reported, mainly as the result of bone-targeting treatments [52] [53] [54] . Hypercalcaemia, which was highly prevalent in breast cancer patients with bone metastases, is currently rarely seen due to a better understanding of the disease and the frequent use of anti-resorptive therapies [52, 53] .
Metastasis to the Jaws and Oral Cavity
Analysis of the literature regarding Jaw and oral metastases is somewhat problematic, as much of the data comes from case reports or small case series with a bias for unusual presentations. Nevertheless, several papers analyzed data reported in the English-language literature since 1916 [6] [7] [8] [9] [10] . Metastatic tumors in the jaws and mouth are uncommon. Most cases of metastases to the oral cavity are found in the presence of a widespread disease; therefore, it can be assumed that these develop as a result of secondary spread from other sites, especially from the lungs. However, in almost a quarter of the cases, oral metastasis was found to be the first indication of an occult malignancy at a distant site [9] . CTC may bypass the filtration of the lungs through the valveless vertebral venous plexus; increased intrathoracic pressure can direct blood flow into this system from the caval and azygous venous system accounting for the increased distribution of axial skeleton and head and neck metastasis [55, 56] . In addition, because of their unusual plasticity, CTC may pass through the arteriovenous shunts in the lungs, seeding in distal organs.
Oral Sites
Because of differences in presentation, site of origin and probable pathogenesis, oral metastatic lesions were divided into mucosal and jawbone metastases [9] . The jawbones are twice as common for metastatic colonization than the oral mucosa [9, 57] . Metastatic lesions can be found anywhere in the oral cavity, however, in the jawbones, the mandible was more frequently involved than the maxilla, with the molar area being the most frequent site ([ 50 %) followed by the premolar area (38 %) and the angle-ramus (29 %) [7, 9, 57] . In the oral soft tissues the attached gingiva is the most commonly affected site (60 %) followed by the tongue (18 %) [8] [9] [10] 57] .
The pathogenesis of the metastatic process in the jawbones is not completely understood. In the skeleton, bones with red marrow are the preferred sites for metastatic deposits. Jawbones, especially in elderly, are devoid of active marrow; however, remnants of hematopoietic marrow can exist in the posterior parts of the mandible, especially in cases of focal osteoporotic bone marrow defects. These hematopoietically active sites may serve as a favorable niche attracting MTC.
The gingiva is the most common site for metastatic colonization to oral mucosa [10, 58] . A thorough literature analysis has recently found significant association between gingival metastasis and the presence of teeth, suggesting the possible role of inflammation in the distribution of metastatic deposits to the gingiva [10] . The microenvironment present in the chronically inflamed gingiva may provide a favorable niche for metastatic cells to colonize and proliferate (Fig. 2) . Soluble cytokines such as IL-1 and TNF-a which are present in the chronically inflamed gingiva [59, 60] are known to facilitate metastatic progression by stimulating angiogenesis and accelerating the generation of ECM necessary for tumor stroma and also may attract or induce the tumor associated macrophages [61] .
Nevertheless, one must consider the relative low incidence of gingival metastases compared with the incidence of gingival inflammation. We can therefore assume that gingival inflammation acts as a co-factor in the attraction of MTC.
Origin of the Primary Tumor
Almost any malignant tumor can metastasize to the oral cavity. Figure 3 presents the global distribution of the most common primary sites. The origin of the metastatic lesions differs between the genders. For men, the most common primary sites are the lung, kidney, liver, and prostate, and for women the breast, female genital organs, kidney, and colo-rectum. Some tumors prefer the jawbone as their metastatic target such as prostatic cancer and breast cancer. In addition, metastatic lesions from the adrenal, thyroid, and eye exclusively preferred the jawbones as their metastatic target [9] (Fig. 4) .
The most common malignancies are mostly those metastasizing the jaws and mouth. Based on United States reported data obtained from the National Center for Health Statistics [62] , prostatic cancer is the most common malignancy affecting males following by the lung, colo-rectum, and urinary bladder (28, 14, 9, and 6 % respectively), while in women the breast is the leading malignancy followed by the lung and colo-rectum (29, 14, and 9 % respectively) [50] . Almost the same incidence was found in Europe, except for women, breast is the leading malignancy followed by the colo-rectum, corpus uteri, and lung [63] . The frequency of oral metastasis is not always consistent with the prevalence of the primary cancers, probably reflecting differences in biologic behavior, aggressiveness and possible differences in affinity toward oral tissues [64] . Some tumors rarely metastasize to the oral cavity, for example pancreatic cancer, which is rarely reported [9] . This is a highly aggressive tumor accounting for 7 % of all cancer mortality and patients probably die before oral metastases are expressed [65] .
Differences in the primary site exist between various geographic areas mainly between Eastern and Western countries, which may in part reflect differences in the prevalence of primary malignancies in these countries. A study from Korea found the liver to be the most common primary site for man and thyroid carcinoma for women [64] , while in Japanese women the uterus was the most common primary site [65] . However, these studies may be biased mainly due to the small number of cases analyzed, and the combined oral site distribution. For example in the Korean study, no case report of jawbone metastasis from the breast was found, although it is the most common tumor among Korean women [64] .
In a recent study, Shen et al. [66] extensively reviewed the Chinese literature for metastatic tumors to the oral and maxillofacial region (OMF), with special emphasis to the differences in the constituent ratios of primary cancers between the United States and China. They revealed that metastases to the OMF from the lung, thyroid, liver, Fig. 3 Distribution of the common primary tumors metastasizing the oral cavity correlated with gender (a) and oral site (b). Based on Hirshberg et al. [8] total 655 cases after omitting the cases of unknown gender. Skin, including malignant melanoma; FGO, female genital organs, including uterus, ovaries, cervix, fallopian tubes; Adrenal, cases of pheochromocytoma and neuroblastoma including those from the retroperitoneum and mediastinum RCC is one of few carcinomas that stain positive for this general mesenchyme marker. S-100, GFAP and SMA were negative, which ruled-out salivary gland origin. Synaptophysin, calcitonin and chromogranin were negative as well, eliminating the possibility of endocrine carcinoma origin esophagus, and stomach were more common in China than in the United States. In addition, they found that the proportion of gingival metastases was by far higher in China than in the United States. The authors attributed these differences to the higher frequency of gingivitis in China as a developing country.
In a small percentage of cases, however, the primary site remains obscure despite thorough clinical and pathological investigation [to be discussed later]. As many of the cases reviewed date back to several decades ago, one can assume that at least in some of these cases, the primary site would have been found today by using advanced imaging technologies and new antibodies available for immunohistochemical analysis.
Clinical Presentation
A rapidly progressing swelling accompanied by pain and paraesthesia are the classic symptoms of a metastatic tumor in the jawbones. Symptoms may vary according to location: for example, trismus in lesions located in the condyle and symptoms related to the sinus and exophthalmos in maxillary lesions. Mental nerve neuropathy or the so-called the ''numb chin syndrome'' should raise the suspicion of a metastatic disease in the mandible. Similar symptoms can be the result of odontogenic infection, trauma, benign odontogenic tumors, systemic diseases such as amyloidosis, sarcoidosis multiple sclerosis or as neurological manifestation of a non-metastatic malignancy [67, 68] . In most cases, the physical examination reveals a bony swelling with tenderness over the affected area. Radiographic appearance, although non-specific, raise the suspicion of malignancy with most lesions present as a lytic radiolucent lesion with ill-defined margins sometimes with ''motheaten'' appearance simulating osteomyelitis. In some cases, pathologic fracture can be noticed. Occasional osteoblastic appearance can be observed, either as pure or mixed radiopacity. The incidence of sclerotic changes is low, \10 % of the cases, most originating from prostatic carcinomas, but also from the breast and thyroid carcinomas [67] ; about 50 % of metastatic prostatic carcinomas appeared as a pure radiopaque or mixed radiopaqueradiolucent lesion and in almost 40 % as a pure radiolucent lesion (8, 10) . Metastatic disease to the jaws may extend into the overlying soft tissues, appearing to imitate dental or periodontal infection [57] . In approximately 5 % of the cases, radiographs do not show any pathological changes [9] .
An exophytic, sometimes ulcerated lesion is the most common clinical presentation of metastatic lesions in the oral soft tissues [10] . Early lesions, mainly those located in the gingiva may resemble a hyperplastic or reactive lesion, such as pyogenic granuloma, peripheral giant cell granuloma or fibrous epulis [10] . With the progression of the disease, oral metastatic lesions, especially those located in the soft tissues, may cause progressive discomfort, pain, bleeding, superinfection, dysphagia, interference with mastication, and disfigurement [9, 10] . In some cases, especially those of metastatic hepatocellular carcinoma, severe post-biopsy hemorrhagic episodes had been reported [69] .
Metastatic lesions appearing as a soft tissue mass extruding from a recent extraction site have been described [70] . In some cases, the metastatic tumour was probably present before the extraction, causing pain, swelling, and loosening of teeth, which lead the clinician to extract the affected tooth. Tooth extraction can serve as a promoting factor in the metastatic process.
Outcome
The mean time elapsed between the diagnosis of the primary tumor to the discovery of oral metastases has been reported to be 40 months, with over 10 years reported in some cases [9] . The prognosis of a patient with an oral metastasis is grave with an average survival rate of 7 months. Treatment options in most cases include surgical resection, sometimes combined with radiation therapy and/or chemotherapy. As oral metastases are the result of a widespread disease, treatment options are sometimes limited to palliation aimed at preservation of ''quality of life''. Newer bisphosphonates and bone-targeted agents may improve the outcome for patients with advanced metastatic cancers; however, studies using these treatment modalities in cases of jaw metastasis have not been published yet.
Introduction of novel imaging modalities such as positron emission tomography with coregistered computed tomography (PET/CT) may enhance early detection of jaw metastasis and will improve survival. In a recently systematic review of metastasis-directed therapy for oligometastatic prostate cancer recurrence, the authors found promising evidence for the use of radiotherapy and surgery [71] . When the oral lesion is found to be the only metastatic lesion, resection seemed to result in improved prognosis [72] . Some cases of metastatic neuroblastoma benefit from chemotherapy even in disseminated disease, which can cause maturation towards ganglioneuroblastoma [73] .
Workup of a Suspected Oral Metastasis
The first step in recognizing a lesion as a metastasis is to differentiate primary intraoral malignancies from metastatic tumors. Some primary intraoral malignancies (especially salivary gland malignancies) have histological features resembling tumors from distant organs (e.g.: ductal carcinoma of salivary glands versus metastatic breast carcinoma, intraoral clear cell carcinoma versus metastatic renal cell carcinoma, intraoral squamous cell carcinoma versus metastatic squamous cell carcinoma from lung, or intraoral malignant melanoma versus metastatic malignant melanoma). Malignant soft tissue tumors rarely originate intra-orally, and thus should be worked-up as suspected metastatic rather than primary tumors.
In the presence of a known malignancy, the pathologist's aim should be to confirm the resemblance between the oral metastasis and the original primary tumor, in both histomorphology and immunohistochemical phenotype. This is important since patients with malignant disease are prone for development of secondary malignancies. A metastatic malignancy without an immediate apparent primary site (before comprehensive investigation) is classified as malignancy of undefined primary origin (MUO) [74, 75] . In many of these patients, a primary tumor site will be identified following clinical, radiological and histopathological investigations. A standardized workup for MUO has been detailed by Amela et [77, 78] . However, some caution should be applied while interpreting immunohistochemical staining, since for example vimentin, which is positive in most sarcomas, can be expressed by some carcinoma types, and some sarcomas can aberrantly express keratins [77, 78] . Caution is necessary in interpreting immunohistochemical stains, which are subjected to known technical errors with differences between manufacturers, adequate control sample, and handling of the specimen.
Most of the oral metastatic malignancies appear to be of epithelial origin with adenocarcinoma being the most common [6, 7] . Non-epithelial tumors (melanoma, sarcoma, lymphoma, germ cell tumors) should be considered in the differential diagnosis and can be diagnosed using appropriate immunohistochemical testing. These can be satisfactorily managed even without an identifiable primary site.
The diverse and unique expression of CK7 and CK20 in carcinomas has been found to be useful in the differential diagnosis of some carcinomas. Studies have shown that the different expression patterns of CK7 and CK20 are among the most discriminant markers in the differential diagnosis between metastatic colon and ovarian adenocarcinomas, between Merkel cell tumor of skin and small cell carcinomas of other origins and between lung, endometrial, and breast adenocarcinomas and colon adenocarcinoma [79] . Not only the expression, but the lack of expression is indicative for interpretation. For example, the finding of CK7 negativity has greater diagnostic value than its positivity; CK7 negative carcinoma is characteristically in prostate, renal cell, neuroendocrine, hepatocellular, and adrenal carcinomas, carcinoid tumors, germ cell tumors, a PSA and PSAP reactivity may decrease after androgen deprivation therapy but eventually their levels increase during the course of disease [91] b CK7 positive in cervical carcinoma [94] and squamous cell carcinomas of several origins, excluding cervical. Although individual immunohistochemical stains have only modest specificity and sensitivity, a panel of several markers and recognition of expression patterns are strongly indicative of specific tumors (Table 1) . For example a combination of positive TTF-1 and CK7 with negative reactivity for CK20 are highly suggestive for lung, while positive CK20 and CDX-2 and negative CK7 are a typical profile for colorectal adenocarcinoma [78, 80] . Some tumor types are almost always negative for certain markers (e.g., renal for TTF-1, CDX2, p63, PSA, ER), and thus positivity is strong evidence against certain tumor types [78] .
Carcinoma of Unknown Primary
The term carcinoma of unknown primary (CUP) which also called ''confirmed CUP'' should be reserved to cases with histologically confirmed metastatic tumor for which the site of origin is not identified through a standardized diagnostic workup process [80, 81] . In most studies, CUP constitutes 3-5 % of all cancers [66] [67] [68] [69] with a decreasing incidence of \2 % during the recent decades. However, variation exists in the definition of CUP between different epidemiological studies making the comparison difficult.
Application of a more restrictive definition of CUP results in a considerably lower estimate of incidence under 0.3 % [81] [82] [83] [84] [85] . The proportion of CUP in oral metastases varied between the studies. Shen et al. [66] found 1 case of CUP out of 19 (5 %), Seoane et al. [58] found 4 out of 39 (10 %), Van der Waal et al. [86] found CUP in 3 out of 24 cases (12.5 %) and Thiele et al. [87] found CUP in 9 of 52 patients (17 %). These variations probably results from less restricted definition of CUP, and one can assume that at least in some of these cases the primary site would have been found today by sophisticated imaging, new immunohistochemical makers and molecular-profiling tools.
Carcinoma of unknown primary may retain the signature of the primary origin thus molecular technologies may lead to identification of the primary origin [88] . The recent years have produced additional molecular tools for tissueof-origin profiling of unknown primary cancers. These various tests, employing DNA microarrays, quantitative real-time polymerase-chain-reaction (rtPCR) or tissue-oforigin assays based on messenger RNA (mRNA) or microRNA (miRNA) are based on the premise that in analyzing a large number of genes, the metastatic tumors match their primary tumor. The accuracy of these tests varies between 70 % for mRNA based to 90 % in DNA based tests [89, 90] . These personalized tissue-of-origin assays either by immunohistochemical testing or by molecular-profiling tools in cases of unknown origin, may lead to a more favorable prognosis since recognition of the tumor's origin serves to guide treatment and allow the implementation of treatment protocols specific for each tumor type [91, 92] . With recent advances in development of various targeted therapy for cancer types, personalized assays could be used to formulate tailored/targeted treatment regimens.
Conclusion
Metastatic tumors of the jaws and mouth are uncommon and are the evidence of a wide spread disease. The diagnosis of a metastatic lesion in the oral region is challenging both in recognition as metastatic lesion and in determination of the site of origin. Recent advancement in imaging technologies, molecular-profiling tools, and immunohistochemical testing improve the identification of the primary site of origin and have an impact on treatment choices.
